Cells of the immune system communicate both by direct interactions via membrane-bound receptors and via secreted mediators from one cell to another. Although the membrane-bound antigen receptors specifically recognize their target cells, this is not necessarily true for secreted proteins such as cytokines. The problem of bestowing specificity on secreted proteins seems to have been overcome by the formation of what has become known as the immunological synapse. The immunological synapse has created a frenzy of research since the term was first coined by Bill Paul in 1994 to describe the directed secretion of cytokines into a "small space between the two interacting cells," based on the work of [@bib58], [@bib41], and [@bib42]. Synapses are formed between both T cells ([@bib18]; [@bib54]; [@bib26]) and B cells ([@bib5]) with their cognate antigen-presenting cells (APCs), and both are characterized by a dramatic reorganization of the receptors involved in recognition and adhesion ([Fig. 1](#fig1){ref-type="fig"}). [@bib54] termed these regions the central supramolecular activation complex (SMAC \[cSMAC\]) and peripheral SMAC (pSMAC), with the cSMAC defining the cluster of T cell receptor (TCR) and associated signaling proteins and the pSMAC a ring of tight adhesion between the cells. The beautiful images generated by [@bib54] triggered much speculation as to the precise roles of these discrete areas with a great deal of work focused on how the cSMAC controls receptor activation and down-regulation. The picture that is beginning to emerge is that the synapse is a focal point for both exocytosis and endocytosis, both of which are triggered by localized cell signaling at the plasma membrane. Intriguingly, this turns out to be reminiscent of other areas of focused secretion and endocytosis, which form during cytokinesis and cilia formation in other cell types.

![**The immunological synapse.** Cartoon summary of the organization of receptors showing the relative positions of the cSMAC, pSMAC, dSMAC, centrioles, actin and microtubule cytoskeletons, and secretory lysosomes at the immunological synapse in cross section and across the area of cell contact.](JCB_201002027_RGB_Fig1){#fig1}

Several events occur at the immune synapse that are critical in focusing both exocytic and endocytic events to this site. Signaling triggers massive reorganization of both the actin and microtubule cytoskeletons, with the centrosome (the microtubule-organizing center \[MTOC\] in T cells) moving right up to the plasma membrane at the cSMAC ([Fig. 1](#fig1){ref-type="fig"}). Both the Golgi and recycling endosomes polarize to the synapse. This directs both secretion and endocytosis to a small cleft sealed off from the external environment by the tightly apposed membranes in the pSMAC.

Signaling at the synapse
========================

The precise site of signaling events leading to immune synapse formation has been controversial (for review see [@bib17]). Early signaling events have been shown to occur in peripheral microclusters in the pSMAC that coalesce into the cSMAC in both T and B cell synapses ([@bib9]; [@bib77]; [@bib71]; [@bib16]), and active tyrosine kinases were only detected early in CD4 synapse formation ([@bib43]). These findings raised a question over whether the cSMAC served to sustain TCR signaling or rather simply to terminate signaling by becoming a site for TCR internalization and degradation ([@bib46]; [@bib43]). More recent experiments have shown active tyrosine kinases within the cSMAC of CD4 synapses at later time points and lower antigen doses ([@bib12]), and these authors suggest that the quality of the peptide--major histocompatibility complex (pMHC) ligand might determine whether signaling is enhanced in the cSMAC or down-regulated by internalization of the receptor.

Most of these initial studies (see previous paragraph) were performed in CD4 T cells, which make long-lived synapses (hours) with their APCs. More recent data suggests that signaling in the cSMAC of CD8 cells may differ from CD4 cells. CD8 T cells form much more transient synapses than CD4 cells, lasting only minutes, as the targets are killed. Activated Src kinases were detected in the cSMAC of CD8 ([@bib6]; [@bib35]) but not CD4 cells at early time points ([@bib6]). Upon disruption of CD8 interactions, Src kinase activation was no longer seen in the cSMAC but only in peripheral microclusters. Use of cytotoxic T lymphocytes (CTLs) from OT-1 transgenic mice, in which the strength of the TCR signal is easily adjusted by using variant peptides, revealed that signaling does occur within the cSMAC of CD8 T cells in response to both strong and weak pMHC ligands ([@bib35]). However, signaling in response to weak pMHC ligands was rapidly down-regulated by phosphatases and could only be detected in the presence of a tyrosine phosphatase inhibitor. Collectively, these results indicate that the cSMAC serves as a focal zone of signaling but that these events can be regulated on several levels.

Endocytosis at the synapse
==========================

The cSMAC not only plays a role in signaling but also in receptor recycling. This arises from the fact that, as the synapse forms, the recycling endosomal compartment polarizes to the point immediately beneath the cSMAC of the immunological synapse ([@bib15]). [@bib15] demonstrated the continuous recycling of TCR from the cell surface to the recycling compartment, where it colocalizes with transferrin receptor, to the plasma membrane at the cSMAC. Upon engagement by pMHC ligands, the rate of endocytosis of TCR is unchanged, but the receptors are down-regulated as they fail to recycle to the plasma membrane and are instead sent to the lysosome for degradation ([@bib46]). TCR signaling is initiated by Lck, which associates with CD4 or CD8 chains of the TCR complex. Lck delivery to the plasma membrane appears to be controlled by activation of Rab11 on recycling endosomes, suggesting that Lck delivery to the membrane may also be controlled via this organelle ([@bib24]). Rab35 also plays a key role in regulating recycling and the formation of the immunological synapse. Experiments identifying the Rab GTPase-activating protein for Rab35, EP164C, revealed a central role in formation of the immunological synapse ([@bib55]). Rab35 was first described as blocking traffic from the recycling compartment to the plasma membrane in HeLa cells, where it was also shown to play a role in cytokinesis ([@bib36]). A more recent study in Jurkat T cells has shown that Rab35 colocalizes with TCR-ζ in the recycling endosome and concentrates at the synapse ([@bib55]). Overexpression of the dominant-negative form (which locks Rab35 in its GDP-bound state) blocks delivery of transferrin receptor to the plasma membrane and reduces conjugate formation. This is consistent with reduced exit from the recycling endosome to the plasma membrane, which would include TCR. In this way, both endocytosis and exocytosis carefully control the level of TCR available within the cSMAC and thus the strength of the signals that can be generated. These studies highlight the role of the cSMAC not only in signaling but also in exocytic and endocytic events.

How does the recycling endosome come to lie underneath the cSMAC? [@bib40] and [@bib39] showed that during synapse formation, there is a dramatic polarization of both the actin and microtubule cytoskeletons that was antigen dependent (i.e., dependent on antigen receptor recognition). What has emerged from a great many subsequent studies is that receptor activation triggers an initial accumulation of actin across the synapse ([@bib62]; [@bib42]), which rapidly clears to form an outer ring around the synapse ([@bib67], [@bib68]; for review see [@bib66]), known as the distal SMAC (dSMAC), which lies outside the pSMAC ([Fig. 1](#fig1){ref-type="fig"}; [@bib22]). Actin clearance is coordinated with the movement of the MTOC, which polarizes toward the synapse ([@bib68]). Because the Golgi stacks and the recycling endosome are closely associated with the MTOC by means of motor protein attachments ([@bib2]; [@bib3]), these organelles move together with the MTOC, bringing them to the immunological synapse.

Polarization and secretion at the synapse
=========================================

Polarized secretion at the immunological synapse has been particularly well studied in CD8 CTLs ([Fig. 1](#fig1){ref-type="fig"}). These cells destroy virally infected and tumor cells by release of specialized secretory lysosomes containing the lytic pore-forming protein perforin, which enables a series of granzymes to enter the cytoplasm of the target cell and rapidly trigger apoptosis (for review see [@bib66]). In these cells, the centrosome, which is the only MTOC of T cells, has been shown to polarize right up to the plasma membrane, contacting the synapse at the cSMAC ([@bib68]). The secretory lysosomes (also known as lytic granules) are delivered to a specialized secretory domain within the synapse by moving along microtubules in a minus end direction toward the centrosome. Granule contents are then released into a small cleft between the two cells that appears sealed by the tightly apposed membranes.

Centrosome movement is triggered by TCR signals and correlates with the clearance of actin from its initial aggregation across the synapse to form the dSMAC (for review see [@bib66]). The actin-binding protein IQGAP1 colocalizes with actin, relocating to the dSMAC as the synapse forms ([Fig. 1](#fig1){ref-type="fig"}). Because IQGAP1 is known to bind and stabilize the plus ends of microtubules and tether them to the actin cytoskeleton, this observation is consistent with the idea that the forces generated by actin clearance might propel the centrosome forward. Dynein is also located in the dSMAC, recruited there by ADAP (adhesion- and degranulation-promoting adapter protein) or Fyb (Fyn-binding protein), which is able to bind to the actin cytoskeleton. In this way, dynein recruitment is linked to TCR activation and synapse formation. Once recruited, dynein would be able to generate tension on the microtubules and effectively reel in the centrosome ([@bib13]) to the center of the synapse, where the initiating signals occurred. The centrosome always docks at the cSMAC within the synapse ([@bib68]; [@bib35]). Whether this is simply because the centrosome is pulled in as the actin reorganization radiates out from the signals generated at the cSMAC or whether there are additional proteins recruited to the cSMAC that influence the point of docking of the centrosome is not yet clear.

The initial polarization of the centrosome is influenced by the accumulation of DAG at the center of the synapse ([@bib65]; [@bib59]). DAG is a lipid second messenger generated upon TCR activation and serves as a substrate for PKD, which also focuses in the center of the synapse, binding to DAG. Blocking DAG production or impairing its localization prevented MTOC movement from the rear of the cell toward the synapse ([@bib59]). It seems likely that signaling events might control the recruitment of polarity proteins such as the partitioning defective (Par) proteins first discovered in *Caenorhabditis elegans*. Par3 has been observed, recruited at the synapse ([@bib48]), and more recent data support a functional role for Par1b ([@bib44]). The model that emerges from the study by [@bib44] is that Par1b is associated with the plasma membrane in resting T cells but that upon activation, PKC-ζ phosphorylates Par1b, allowing it to dissociate from the membrane and bind to 14-3-3 proteins, which trigger the removal of Par1b to the cytoplasm (clustered beneath the immune synapse). The authors propose that this allows Par3 to then accumulate at the contact site. Most dramatically, overexpression of a dominant-negative form of Par1b, which would block all three isoforms of Par1 at the plasma membrane, impaired the relocation of the MTOC to the synapse, supporting a functional role for Par proteins in synapse formation.

A recent study has examined how the strength of TCR signal influences the polarization of the centrosome to the plasma membrane ([@bib35]). Using CTLs from OT-1 TCR transgenic mice, our laboratory compared the polarization of the centrosome in response to the strong ovalbumin peptide, which triggers high levels of target cell death, with that of the weaker peptide G4, which elicits virtually no target cell killing. The striking finding was that the centrosome polarized readily to both the strong and the weak signal. But only the stronger ovalbumin signal also elicited granule polarization and secretion at the synapse ([@bib35]). These results are consistent with the ability of the centrosome to oscillate rapidly between two targets ([@bib38]) and to kill only the target triggering the stronger signal ([@bib75]). The nature of the additional signal required to recruit the granules is not entirely clear. One study suggests a possible role for PKC-δ, as CTLs deficient in PKC-δ fail to polarize their granules upon contact with targets ([@bib49]). Another study has suggested roles for ERK (extracellular signal-regulated kinase) and PI3K (phosphatidylinositol 3-kinase; [@bib60]), and it is very likely that several signaling pathways contribute.

Exocytosis of both lytic granule contents, delivering regulated secretory cargo, and constitutively secreted cytokines become focused into the synapse. Images of the Golgi at the synapse show that the stacks contact the plasma membrane ([@bib68]), which would lead to very focused secretion of cytokines. Interleukin 2 (IL2), IL4, IL5, and interferon-γ are all secreted in a polarized manner toward the target APC ([@bib58]; [@bib41]). More recently, it has been found that not only are the cytokines recruited to the synapse in a focused fashion but that their receptors are also recruited to the synapse in a selective manner, dependent on the signals received, that can then influence cellular differentiation ([@bib51]).

Exocytosis
==========

Exocytosis requires fusion of secretory vesicles at the immunological synapse, and several studies have implicated several SNARE proteins in this process ([@bib15]; [@bib78]; [@bib53]; [@bib52]; [@bib47]). However, pinpointing the SNARE complex that is required for the final fusion of secretory granules at the synapse is proving complicated. To mediate membrane fusion, a functional SNARE complex requires the formation of a four-helix bundle with a VAMP (vesicle-associated membrane protein; also known as synaptobrevin) associating with a syntaxin and SNAP, which are both associated with the membrane to which the vesicle is fusing (for review see [@bib69]). Functional studies in CTLs and natural killer (NK) cells have shown that both VAMP7 knockdown as well as VAMP8 gene disruption cause a reduction but not a complete loss of target cell killing ([@bib52]; [@bib47]). It is possible that this reflects some functional redundancy. However, another possible explanation for these results is that VAMP proteins control membrane fusion events at various points along the biosynthetic pathway. Because it has been shown that the lytic granule proteins perforin, granzymes A and B, and Fas ligand can all be secreted at the synapse not only via the granule pathway but also directly from the Golgi as new synthesis takes place upon TCR triggering ([@bib32]; [@bib29]; [@bib50]), this could explain why it is so difficult to identify events of the granule pathway only.

Syntaxin 11 seemed a likely candidate for a SNARE component mediating granule fusion as loss of syntaxin 11 gives rise to FHL4 (familial hemophagocytic lymphohistiocytosis type 4), a genetic disease characterized by loss of cytotoxic function ([@bib78]). However, syntaxin 11 has been shown to localize to Golgi membranes ([@bib70]), suggesting that this protein may well be acting earlier in the secretory pathway. Furthermore, FHL4 CTLs and NK cells can overcome their secretory defect upon incubation with IL2 ([@bib8]), which up-regulates synthesis of the granule contents.

Lytic granule release is associated not only with the release of the content but also the appearance of lysosomal membrane proteins, including LAMP-1 and -2, at the plasma membrane. These lysosomal membrane proteins are known to be rapidly endocytosed upon degranulation, and this uptake is used as a measure of degranulation ([@bib7]). This bidirectional traffic of LAMP-1 has been found to be controlled by integrin engagement in the cytolytic synapses formed by NK cells ([@bib45]). Using lipid bilayers to reconstitute selective receptors for triggering NK cells, [@bib45] examined the localization of exocytosed LAMP-1 from NK cells when the integrin LFA-1 was or was not engaged by ICAM-1. When ICAM-1 was triggered, LAMP-1 did not escape and diffuse all over the cell surface, whereas in the absence of ICAM-1, LAMP-1 distributed over the periphery of the cell in microclusters. Because the overall levels of surface and endocytosed LAMP-1 remained the same regardless of ICAM-1, this suggests that ICAM-1--LFA-1 engagement in the pSMAC acts to restrict and focus endocytic and exocytic events to the center of the synapse.

Cilia formation and cytokinesis
===============================

The immunological synapse bears striking similarities not only to neurological synapses but also to other structures in which an area of the plasma membrane becomes a focal zone for endocytosis and exocytosis, in particular during cilia formation and cytokinesis. Immunological synapses, sites of cilia formation, and cytokinesis all share the unusual property of forming around the site of centrosomal docking at the plasma membrane. This is best characterized in primary cilia formation, where physical links are formed between the appendages of the mother centriole and the plasma membrane ([Fig. 2 A](#fig2){ref-type="fig"}). Some of the proteins involved have now been identified, and disruption of these appendage proteins such as Odf2 and CEP164 prevent primary cilia formation ([@bib33]; [@bib27]). During cytokinesis, the centrosome also contacts the plasma membrane: after the two centrioles separate, the mother centriole repositions to the bridge formed by the midbody. Final abscission occurs only after the mother centriole moves back to the center of the cell ([@bib56]). At the immunological synapse, both centrioles migrate to the synapse, and no clear preference for mother versus daughter contacting the plasma membrane has yet emerged ([@bib68]). Interestingly, lymphocytes have been noted for being unable to form primary cilia ([@bib74]; [@bib30]), and the finding that they nevertheless form a very similar structure at the immunological synapse raises the possibility that the synapse represents a frustrated cilium.

![**Electron micrographs comparing flagella, primary cilia, trichocyst secretion, and the immunological synapse.** (A) EM images of flagella (i and ii) and primary cilia (C; iii--viii) showing basal bodies (BB), flagella (F), flagella pocket (FP), transition region (TR), Golgi (G), distal (black arrowheads) and subdistal (white arrowheads) appendages of the mother centriole, membrane protrusions formed during ciliogenesis (black arrows in v and vi), and microtubules linking the centriole to the membrane (white arrow in vii). An area of tight contact between the flagella pocket and flagella (black arrows in i) and a flat compartment close to the flagella pocket (white arrow in ii) are also shown. Basal body fibers and cilia fibers are contiguous (black arrow in vii). Images were reproduced from [@bib1]; i and ii; with permission from the *Journal of Cell Science*), [@bib4]; iii; with permission from Wiley-Blackwell), [@bib73]; iv and vii; with permission from Wiley-Blackwell), [@bib64]; v and vi), and [@bib72]; viii; with permission from Wiley-Blackwell). (B) EM images of trichocyst (T) secretion from paramecia (i and ii) showing cilia (C), ciliary basal bodies (cb), alveolar sacs (as), cell membrane (cm), epiplasm (ep), and transition region (TR) and immune synapses formed between CTLs (lower cell) and targets (upper cell; iii--ix) showing Golgi (G), secretory lysosomes (SL), synaptic cleft (SC), membrane bulges (black arrows), mother centriole appendages (black arrowheads), and microtubules associated with microtubules (white arrows). Images were reproduced from [@bib23]; i; with permission from the *Journal of Cell Science*), [@bib57]; ii; with permission from Wiley-VCH Verlag GmbH & Co. KGaA and the author). CTL images are from J.C. Stinchcombe.](JCB_201002027_GS_Fig2){#fig2}

Morphologically, primary cilia and immune synapses bear striking similarities ([Fig. 2](#fig2){ref-type="fig"}). Primary cilia form from the mother centriole, which docks at the plasma membrane (becoming the basal body; [Fig. 2 A](#fig2){ref-type="fig"}, iii--viii). The cilium extends, pushing out the plasma membrane as it forms. Similar protrusions at the plasma membrane are also seen at the immune synapse, with a small bump in the plasma membrane at the point of centriole contact with the plasma membrane ([Fig. 2 B](#fig2){ref-type="fig"}, iii, iv, and vii, arrows). Although it is not clear that it is always the mother centriole that contacts the plasma membrane at the immune synapse, some images show appendages on the docking centriole, similar to those in cilia formation ([Fig. 2 B](#fig2){ref-type="fig"}, v, vi, and ix, arrowheads). Other similarities are also apparent from these images. The Golgi apparatus, which polarizes at the immunological synapse, is also focused near the plasma membrane at the point of cilia formation. The Golgi is seen close to the point of primary cilia formation, as well as next to the flagella pocket of *Trypanosoma brucei* ([Fig. 2 A](#fig2){ref-type="fig"}, i and ii). Other studies have revealed that the recycling compartment for endocytosis is also focused both at the immunological synapse ([@bib15]) and next to the flagella pocket of *T. brucei* ([@bib34]).

A similar focus of endocytosis and exocytosis is also seen at the point of abscission during cytokinesis, and this also seems to be directed by movement of the centrosome ([Fig. 3](#fig3){ref-type="fig"}). Centriolin has been shown to deliver exocyst and SNARE proteins involved in the secretory events during abscission ([@bib28]), and the Rab11 recycling endosome localizes to the cleavage furrow ([@bib19]; [@bib76]), as do post-Golgi elements ([@bib25]). The ESCRT (endosomal-sorting complex required for transport) and Alix proteins involved in endocytosis and down-regulation via the ubiquitin pathway are also recruited to the cleavage furrow ([@bib11]).

![**A common theme in the architecture of diverse cellular structures.** Cartoon illustrating comparison of the organization of the immune synapse (A), primary cilium (B), flagella pocket (C), point of trichocyst secretion in paramecia (D), and site of cytokinesis in dividing cells (E), indicating that the site of centrosome polarization is a focal point for exocytosis and endocytosis in different cellular systems. Similarities between some or all of these examples include (1) polarization of the centrosome (pink) to the plasma membrane; (2) formation of membrane protrusions (brown) opposite the point of centrosome docking; polarized movement of (3) the microtubule cytoskeleton and (4) the Golgi complex (green) and endocytic recycling compartments (mauve) away from the nucleus (gray) toward the site of centrosome docking at the plasma membrane; (5) redirection of the biosynthetic (green), endocytic (blue), and recycling (purple) pathways to the plasma membrane; (6) focused polarization of regulated secretory organelles (e.g., trichocysts \[crimson\] in paramecia and secretory lysosomes \[claret\] with secretory cores \[crimson\] in CTLs) to specialized secretory domains at the plasma membrane (orange) by minus end--directed transport along microtubules; and (7) formation of specialized enclosed (e.g., secretory clefts \[CTLs\] and flagella pockets) or semienclosed (cilia and trichocyst) extracellular spaces to which endocytosis and exocytosis are focused.](JCB_201002027_RGB_Fig3){#fig3}

The comparison between the synapse and cilia extends beyond the morphological. Both ciliary membranes and those at the synapse are specialized in cell signaling. In the case of the synapse, TCR-mediated signaling controls polarization of the centrosome, secretion, and endocytosis. Cilia act as sensors of the external environment, with receptors for extracellular ligands that can trigger intracellular signaling. The primary cilium plays an important role in signaling pathways, for example Hedgehog (Hh; for review see [@bib63]). Furthermore, mutations in intraflagellar transport (IFT) proteins that prevent cilia formation were also found to block signaling via the Hh pathway ([@bib31]). Intriguingly, the receptor required for Hh signaling, Smoothened, is recruited to the cilium upon signaling ([@bib14]) in a manner analogous to the formation of the cSMAC at the immune synapse.

A recent study has now identified expression of IFT proteins in T lymphocytes ([@bib20]). These IFT proteins are able to assemble into the same complex of IFT20--IFT88 and IFT57 as they do in cilia and flagella ([@bib61]), and complex formation is enhanced by TCR activation in Jurkat T cells. In ciliated cells, the IFT20 component of this complex localizes to the Golgi ([@bib21]), and a similar Golgi localization is seen in Jurkat T cells with a small amount of additional staining overlapping with other endosomal compartments, and [@bib20] suggest that IFT20 also localizes to the recycling endosome in T cells. What is particularly interesting about [@bib20] is that when the authors knocked down expression of IFT20, that synapse formation was disrupted. The number of conjugates formed by the T cells was reduced, and clustering of the TCR into a cSMAC was impaired. In addition, a much weaker and more dispersed staining with anti-phosphotyrosine antibodies indicated reduced TCR signaling. When IFT20 expression was knocked down, the transferrin receptor--labeled recycling endosome failed to polarize to the immune synapse, whereas no difference in the MTOC localization was observed between control and knockdown conjugates. To understand the basis of the defect arising in the absence of IFT20, [@bib20] triggered a PKC-activated pathway, which leads to TCR phosphorylation and recycling ([@bib10]; [@bib37]), in both normal Jurkat and IFT20-deficient Jurkat. They found that although TCR was readily recycled in normal cells, TCR accumulated in the recycling compartment of IFT20-deficient cells and failed to undergo recycling to the cell surface. The authors found that the IFT complex associates with TCR upon activation and proposed that this complex might function to regulate the recycling of the TCR from this compartment and thus control synapse formation. It is not yet clear how polarization of the recycling compartment is controlled. These studies reinforce the idea of the synapse as an area of membrane specialized in endocytosis and exocytosis and support the idea that similar molecular mechanisms underlie the formation of cilia and synapses.

A common theme
==============

If there is a common origin to deriving mechanisms that focus endocytosis and exocytosis at the plasma membrane, are there other secretory cells that provide a parallel to the centrosome directing secretion, as seen in CTLs? Studies on trichocyst secretion from *Paramecium tetraurelia* suggest that there are ([@bib23]; [@bib57]). Paramecia are ciliated unicellular protozoa, which contain dense core secretory granules known as trichocysts. There is a regular arrangement of cilia around the surface of paramecia, and secretion of trichocysts occurs between the cilia. [@bib23] observed the association of trichocysts with microtubules emanating from the basal bodies of the cilia ([Fig. 2 B](#fig2){ref-type="fig"}, i and ii) and, using video microscopy, showed the movement of trichocysts along the microtubules toward the basal body. EM revealed that trichocysts often made contact with microtubules originating from neighboring basal bodies. This represents a minus end--directed movement of dense core secretory granules toward a docked centriole (basal body) analogous to that seen more recently in CTLs ([@bib68]).

Conclusions
===========

The parallels between the cilium, the immune synapse, trichocyst secretion, and cytokinesis ([Fig. 3](#fig3){ref-type="fig"}) are intriguing. They suggest that the centrosome may play a role in identifying a specialized area of membrane for focal endocytosis and exocytosis. Precisely which signals direct the centrosome to a given point on the membrane in each system are yet to be discovered. This mechanism seems to have been adopted successfully by several specialized cell types, not least of all lymphocytes, when communicating via the immunological synapse.
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